Previously, a microarray expression study in the yeast Saccharomyces cerevisiae indicated that the ERG28 gene was strongly coregulated with ergosterol biosynthesis. Subsequently, Erg28p was shown to function as an endoplasmic reticulum transmembrane protein, acting as a scaffold to tether the C-4 demethylation enzymatic complex and also to interact with a downstream enzyme, Erg6p. To understand all possible protein interactions involving Erg28p in sterol biosynthesis, a yeast two-hybrid system designed to assess interactions between membrane proteins was used. The Erg28p fusion protein was used as bait to assess interactions with all 14 sterol biosynthetic proteins in a pairwise study based on two reporter systems as well as Western blots demonstrating the release of a transcription factor. Our results indicated that Erg28p not only interacted with the C-4 demethylation enzymes and Erg6p but also with Erg11p and Erg1p. Interactions between Erg28p and seven ergosterol biosynthetic enzymes were confirmed by coimmunoprecipitation experiments. Furthermore, by comparing the reporter gene expression levels, we demonstrate that Erg28p is most closely associated with Erg27p, Erg25p, Erg11p, and Erg6p and less with Erg26p and Erg1p. Based on these results, we suggest that many if not all sterol biosynthetic proteins may be tethered as a large complex. -Mo, C., and M. Bard. Erg28p is a key protein in the yeast sterol biosynthetic enzyme complex. J. Lipid Res. 2005Res. . 46: 1991Res. -1998 Supplementary key words ergosterol biosynthesis • membrane proteins • split-ubiquitin membrane yeast two-hybrid system Abbreviations: 3-AT, 3-aminotriazole; CSM, complete synthetic medium; Cub, C-terminal ubiquitin; ER, endoplasmic reticulum; HA, peptide from human hemagglutinin; Nub, N-terminal ubiquitin; TF, transcription factor containing protein A-LexA-VP16; X-Gal, 5-bromo-4-chloro-3-indolyl-␤ -D-galactoside; YTH, yeast two-hybrid.
Sterols are essential components of eukaryotic cell membranes. The yeast Saccharomyces cerevisiae accumulates ergosterol, the sterol equivalent of cholesterol in animals (1) and sitosterol in plants (2) , as the end product sterol. In yeast, 14 genes and 15 enzymatic steps are involved in ergosterol biosynthesis ( Fig. 1 ) (3) . An important aspect of sterol synthesis, as provided by yeast as a model system, is that many of the reactions are identical to those of the cholesterol pathway in human cells (4) . This is true of the prelanosterol steps and many of the distal steps leading to ergosterol formation. Thus, S. cerevisiae has been used extensively in the study of the sterol biosynthetic pathway as well as in studies involving the physiological features of sterol molecules required for various cellular processes (5) (6) (7) .
In a yeast microarray expression profile study, the gene YER044C encoding a 148 amino acid protein with two transmembrane domains, now designated ERG28 , was found to be highly coregulated with other ergosterol biosynthetic genes (8) . An ERG28 deletion was found to be slow growing. Loss of Erg28p does not lead to the loss of end product sterol but rather reduces ergosterol levels to approximately one-third of wild-type levels (9) . ERG28 is conserved in S. cerevisiae , Schizosaccharomyces pombe , Arabidopsis thaliana , mouse, and human (10) , and in humans, for unexplained reasons, it appears to be highly expressed in adult testis tissue (11) .
In an ERG28 deletion strain, gas chromatographic analyses indicated significant accumulation of sterol precursors that were identified as carboxylic acid sterol and 3-keto sterol intermediates, normally accumulating in ERG26 and ERG27 mutant strains; thus, Erg28p affects the normal process of C-4 demethylation (9) . We subsequently demonstrated that Erg28p is an endoplasmic reticulum (ER) transmembrane protein, working as a transmembrane scaffold to tether Erg27p and possibly other C-4 demethylation proteins (Erg25p, Erg26p) to form a demethylation complex in the ER (12) . More recent studies also indicated that Erg28p not only anchors the C-4 demethylation enzyme complex to the ER but also acts as a tether to Erg6p, a side chain transmethylation enzyme required for a downstream reaction in sterol biosynthesis (13) (Fig. 1) .
Because of the prevalence and conservation of ERG28 among fungi, animal, and plant sterol biosynthetic path-ways (10), we suggest that ERG28 's unique function in sterol biosynthesis may be to tether the entire biosynthetic complex of enzymes into a single functioning unit. No enzyme in any sterol biosynthetic pathway has been demonstrated to act as a sterol binding protein, and no common sterol binding motif shared by the biosynthetic enzymes has been found. To systematically delineate the role of Erg28p, a strategy designed to evaluate all Erg28p interaction partners was adopted.
Typical biochemical methods, such as coimmunoprecipitation, copurification, or cross-linking, have been used to investigate protein complexes. However, because of the limitations of each of these biochemical methods, it is difficult to obtain reliable information regarding partners in membrane-protein interaction assays (14) . For example, Gavin et al. (15) used tandem affinity copurification and mass spectrometry in a large-scale approach to characterize multiprotein complexes in S. cerevisiae , and among 1,799 encoded proteins they chose to study, only 40 proteins that were integrally or peripherally associated with membranes were purified, and none was involved in ergosterol biosynthesis. Another study by Ho et al. (16) using immunoaffinity purification based on the flag epitope tag gave similar results.
To study the protein-protein interactions, alternative genetic methods have been developed, and the most powerful genetic method for the study of protein-protein interactions is the yeast two-hybrid (YTH) system (17) , which is based on the reconstitution of a functional transcription factor (TF) through a defined protein-protein interaction. Although various modifications of the YTH system have been described (18) (19) (20) , the analysis of interactions between membrane proteins has remained a significant challenge because of the hydrophobic nature of membrane proteins as well as the fact that integral and membrane-associated proteins often undergo posttranslational modifications or oligomerizations via interactions between transmembrane domains (14) . A strategy called the split-ubiquitin membrane YTH system was recently described (14) that takes advantage of the split-ubiquitin approach first described by Johnsson and Varshavsky (21) . The N-and C-terminal halves of ubiquitin (22) [split-ubiquitin: N-terminal ubiquitin (Nub) and C-terminal ubiquitin (Cub)] were fused to bait and prey proteins, respectively. As two membrane proteins physically associate in vivo, Nub and Cub reconstitute, leading to proteolytic cleavage at a GGXX site by ubiquitin-specific binding proteases, releasing a TF fused to the Cub polypeptide. The released TF (protein A-LexA-VP16) can then activate two reporter genes ( LacZ and HIS3 ). This system had been used extensively to demonstrate novel protein-protein interactions (23) (24) (25) (26) .
In this study, the Erg28p-Cub-TF fusion protein, consisting of Erg28p, the Cub, and a TF, was fused as the bait protein to assess interactions with 14 prey yeast Erg proteins [fused to two copies of the human hemagglutinin (HA) peptide followed by the N-terminal ubiquitin polypeptide (ErgXp-HA-Nub)]. Interactions between Erg28p and all 14 yeast Erg proteins were studied pairwise, and new interaction partners were confirmed by coimmunoprecipitation.
MATERIALS AND METHODS

Yeast strains and growth conditions
The L40 ( MATa trp1 leu2 his3 LYS2::lexA-HIS3 URA3::lexA-lacZ ) yeast strain containing the HIS3 and LacZ reporters was cotransformed with the pERG28-Cub-TF (bait plasmid) and all 14 ergosterol biosynthetic gene constructs (prey plasmids containing pERGX-HA-Nub, where X represents individual ergosterol genes). L40 transformants containing pERG28-Cub-TF were grown on complete synthetic medium (CSM) containing 0.67% yeast nitrogen base, 2% glucose, and 0.8 g/l CSM-Leu (amino acid and nitrogen base supplements; Bio101, Vista, CA). L40 transformants containing pERG28-Cub-TF and pERGX-HA-Nub were grown on CSM-Leu-Trp synthetic dropout medium to ensure retention of the bait and prey plasmids, respectively. CSM-Leu-Trp-His with varying concentrations of 3-aminotriazole (3-AT) was used to assess the strength of bait and prey interactions in spot tests. R712 ( MATa erg28 :: kanMX4 his3 ⌬ 1 leu2 ⌬ 0 met15 ⌬ 0 ura3 ⌬ 0 ), a previously described erg28 deletion strain (9) , was transformed with pERG28-Myc plasmid (12) and used for immunoprecipitation studies.
Primer design and PCR cloning
The bait vector, pCYC-BAIT-Cub-TF (pCub), and prey vector, pADH-PREY-HA-Nub (pNub), were kindly provided by Dr. Igor Stagljar (14) . pCub is a CEN plasmid containing LEU2 and a weak yeast CYC1 promoter, multiple cloning sites followed by the C-terminal Cub sequence, and a TF consisting of protein A, LexA, and VP16. The Nub plasmid is a 2 vector containing the TRP1 marker, a strong yeast ADH1 promoter, multiple cloning sites followed by two HA tags, and the N-terminal Nub sequence.
Primers for PCR cloning of ERG28 into bait vector and prey vector, and primers for PCR cloning of all of the ergosterol biosynthetic genes into prey vectors, are listed in Table 1 . For the reverse primer, stop codons for each ergosterol biosynthetic gene were deleted and a single base pair added to maintain the cor- Table 1 . Because no suitable restriction sites existed for inserting ERG7 into the pNub vector, the PCR product of the ERG7 gene was cloned into the prey vector by gap repair, in which the ERG7 gene containing Nco I and Bam HI restriction sites as well as an additional 50 bp of DNA homologous to the ends of the gapped vector were cotransformed into L40 yeast cells (27, 28) . Plasmid was then rescued from transformed yeast cells.
Complementation test for the pERG28-Cub-TF construct
To determine the functionality of the pERG28-Cub-TF construct, pERG28-Cub-TF was transformed into the erg28 deletion strain, R712 (9) . Complementation of the erg28 growth defect by pERG28-Cub-TF was assessed by spot plates (8) and gas chromatographic analyses (9) .
Cub and Nub fusion protein screen
Yeast L40 cells transformed with the bait construct (pERG28-Cub-TF) or with various prey constructs (pERGX-HA-Nub) were grown in CSM-Leu or CSM-Trp liquid medium, respectively (1.5 ml), pelleted after 24 h of growth, and resuspended in 50 l of 1 ϫ SDS-PAGE loading buffer (0.0625 M Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 1% ␤ -mercaptoethanol, 0.001% bromophenol blue, 1 ϫ SSB) (12) . Cell suspensions were vortexed, boiled for 5 min, cooled to room temperature, and pelleted; aliquots of supernatant (10-40 g of total proteins) were loaded onto SDS-PAGE gels and subsequently transferred to nitrocellulose mem-branes according to standard procedures (29) . Nitrocellulose membranes were blocked using 5% nonfat milk/PBS-T buffer for 1 h and then incubated with anti-HA HRP (500 ϫ dilution; Santa Cruz Biotechnology, Santa Cruz, CA) to detect the ErgXp-HA-Nub fusion protein or with anti-VP16 HRP (300 ϫ dilution; Santa Cruz Biotechnology) for Erg28p-Cub-TF fusion protein detection as well as detection of the released TF (a truncated version of the Erg28p-Cub-TF fusion protein; VP16 is a truncated component of TF: protein A-LexA-VP16).
Growth differentiation and spot tests
To systematically determine which ergosterol biosynthetic proteins interact with Erg28p, the pERG28-Cub-TF plasmid was transformed into L40 along with 14 pERGX-HA-Nub fusion constructs as well as the empty prey pNub vector used as a negative control. All doubly transformed colonies were plated onto CSM-Leu-Trp plates. For each of the 15 transformations, 6 colonies were spot-plated onto petri plates (150 mm ϫ 15 mm) containing CSM-Leu-Trp and CSM-Leu-Trp-His plus varying concentrations of 3-AT (0-5 mM). Each colony was spotted using 2 l from a 2 ϫ 10 7 cells/ml cell suspension. Plates were incubated at 30 Њ C for 48 h and scored.
␤ -Galactosidase assays
Approximately 1 l of a cell suspension (2 ϫ 10 7 cells/ml) was placed onto sterilized nitrocellulose membranes that were then overlaid onto CSM-Leu-Trp plates. To assess interactions between pERG28-Cub-TF and 14 pERGX-HA-Nub constructs, six colonies were spotted. After 48 h of growth at 30 Њ C, ␤ -galactosidase activ- ity for each colony was assayed as follows: the nitrocellulose membrane was peeled from the solid medium plates and dipped into liquid nitrogen for 2 min, then carefully placed onto a 3MM round filter paper in an empty dish. ␤-Galactosidase Z buffer (2.5 ml) was added onto the 3MM filter paper, and membranes were then soaked with 5-bromo-4-chloro-3-indolyl-␤-D-galactoside (X-Gal) (139 l of X-Gal made as a 20 mg/ml stock in DMSO). The reaction was allowed to proceed for 10-30 min at 30ЊC in the dark. Z-buffer (30) containing 0.1 M Na-phosphate, pH 7.2, 0.75 g/l KCl, and 0.246 g/l MgSO 4 was filter-sterilized, and 6.6 l of ␤-mercaptoethanol was added.
Membrane protein preparation, solubilization, and immunoprecipitation
The preparation, solubilization, and immunoprecipitation of yeast membrane proteins were performed as described previously (12) . Essentially, membrane proteins were solubilized at 1 mg/ml with 2 mM sucrose monolaurate. Previously described anti-Erg1p (31), anti-Erg6p (32), anti-Erg7p (33), anti-Erg11p (13), and anti-Erg25p (34) were used to coimmunoprecipitate Erg28p-Myc. Anti-Lcb1p (35) was used as a loading control. Antibodies to Erg2p and Erg3p were prepared using the last 20 amino acids of Erg2p (RTVYLTARDMGKNLLQNKKF) and 20 amino acids in the middle of Erg3p (DPKLRDAKETWDAQVKEVEH), respectively. These two peptides were synthesized and used to immunize rabbits by Proteintech Group (Chicago, IL). Anti-Erg2p and anti-Erg3p sera were collected, and the expected 24 kDa Erg2p band and a 43 kDa Erg3p band were observed (data not shown). Solubilized membrane protein (1 ml at 1 mg/ml) was diluted with microsomal buffer and incubated with anti-Lcb1p (200ϫ dilution), anti-Erg1p (200ϫ dilution), anti-Erg2p (150ϫ dilution), anti-Erg3p (100ϫ dilution), anti-Erg6p (100ϫ dilution), anti-Erg7p (100ϫ dilution), anti-Erg11p (150ϫ dilution), and anti-Erg25p (150ϫ dilution) for 2 h at 4ЊC followed by the addition of 40 l of protein A/G plus agarose (Santa Cruz Biotechnology). Samples were further incubated for 2 h at 4ЊC. Precipitates were washed three times with 500 l of 50 mM HEPES (pH 7.5) and resuspended in 40 l of 2ϫ SDS-PAGE sample loading buffer, and 15 l of each sample was subjected to SDS-PAGE and immunoblot analysis. Anti-Myc-peroxidase (clone 9E10; Roche Diagnostics, Indianapolis, IN) was used to identify which proteins coimmunoprecipitated with Erg28p-Myc.
RESULTS
Cloning of the prey pERGX-HA-Nub constructs
PCR products of the ERG28 bait and the 14 preys (14 ergosterol biosynthetic enzyme open reading frames) were digested and cloned into the bait (pCub) and prey (pNub) vectors, respectively (14) . The bait construct (pERG28-Cub-TF) and all of the prey constructs (pERGX-HA-Nub) were transformed into the L40 yeast reporter strain and grown on CSM-Leu and CSM-Trp, respectively. For the Erg28p-Cub-TF fusion protein, a 70 kDa band was detected by anti-VP16 antibody in L40 (pERG28-Cub-TF) cells (see Fig. 5 below). For each ErgXp-HA-Nub fusion protein, fusion proteins of the predicted size were detected by Western blotting using anti-HA antibody (Fig. 2) . 
Complementation test for the Cub construct
The pERG28-Cub-TF plasmid construct was transformed into an erg28 deletion strain, R712, to determine whether the Erg28p-Cub-TF fusion protein might complement an ERG28 null allele. Figure 3 demonstrates that the pERG28-Cub-TF plasmid restores the wild-type growth rate to an erg28 mutant strain. Gas chromatographic analyses of sterols from the transformed strain also indicated a wild-type sterol profile (data not shown). Figure 4 demonstrates protein-protein interactions between the bait construct Erg28p and all 14 biosynthetic enzymes in the dedicated ergosterol pathway. Figure 4A demonstrates growth on plates with no selection except for plasmid retention (CSM-Leu-Trp plates). Figure 4B demonstrates growth on CSM-Leu-Trp-His plates in which the HIS3 reporter activity is dependent upon an interaction between the bait and prey proteins. Figure 4C , D contain increasing concentrations of 3-AT (2 and 5 mM, respectively, of the HIS3 inhibitor), delineating an increased requirement for HIS3 reporter activity and therefore an increased affinity of interaction between bait and prey. These results indicate that Erg28p strongly interacts with Erg11p, Erg25p, Erg27p, and Erg6p. We have described an interaction by coimmunoprecipitation between Erg28p and Erg25p (and Erg27p) in a previous study (12) in Fig. 4 . Spot test assay using the HIS3 reporter to assess interactions between Erg28p-Cub-TF and various ErgXp-HA-Nub preys. Media used to assess the strength of interaction between bait and prey are as follows: CSM-Leu-Trp, growth control (A); CSM-Leu-Trp-His (B); CSM-Leu-Trp-His ϩ 2 mM 3-aminotriazole (3-AT) (C); and CSM-Leu-Trp-His ϩ 5 mM 3-AT (D). Six colony replicates containing both bait and prey constructs were spotted onto each of the four media.
Erg28p interacts with enzymes in ergosterol biosynthesis using spot plate assays
Fig. 5. Western blot from yeast cells containing the Erg28p-Cub-TF fusion protein with various
ErgXp-HA-Nub preys. The intensity of the 70 kDa Erg28p-Cub-TF fusion protein band is compared with that of the released 49 kDa TF band. An interaction between Erg28-Cub-TF and the pNub control did not result in release of the TF. Immunoblots were obtained using anti-VP16 HRP. which we demonstrated that Erg28p tethers the C-4 demethylation enzymes to the ER. We now demonstrate that Erg11p is also a strong interaction partner. Erg28p also strongly interacts with Erg6p, which is considered to belong to the latter part of the sterol pathway. This interaction was also demonstrated previously by coimmunoprecipitation (13) . A weaker interaction between Erg28p and Erg1p was also observed. Significantly, Erg28p interacts with itself.
Erg28p interacts with enzymes in ergosterol biosynthesis, as demonstrated by release of the TF
We compared the Erg28p-Cub-TF fusion protein and the truncated activated form of the TF fragment that is required to drive the HIS3 and LacZ reporter genes (Fig. 5) . The stronger the interaction between bait and prey, the greater the release of the truncated form of TF. For example, in Fig. 4, Erg28p and Erg27p appear to interact strongly, as indicated by growth on CSM-Leu-Trp-His ϩ 5 mM 3-AT. In Fig. 5 , we also observe a very significant level of the 49 kDa TF (released TF) relative to the 70 kDa non-truncated fusion protein. Other strong bait-prey interactions are observed between Erg28p and Erg6p, Erg28p and Erg25p, Erg28p and Erg11p, and Erg28p and itself. Weaker interactions can be seen between Erg28p and Erg26p and between Erg28p and Erg1p. A small 49 kDa band of released TF was also observed between Erg28p and Erg3p and between Erg28p and Erg5p, suggesting possible weak interactions between these proteins that were not apparent in the spot plate assay. All other bait-prey combinations (Erg28p-Erg9p, Erg28p-Erg7p, Erg28p-Erg24p, Erg28p-Erg2p, and Erg28-Erg4p) as well as the bait and control empty vectors showed no observable released TF.
Erg28p interacts with enzymes in ergosterol biosynthesis, as indicated by ␤-galactosidase filter assays
To corroborate these interactions, we performed filter assays using the LacZ reporter as a third assay. For each Erg28p interaction with pNub baits, six colonies for each prey were assayed (Fig. 6) . Based on these results, the strongest interactions were between Erg28p and itself, Erg28p and Erg27p, Erg28p and Erg11p, Erg28p and Erg6p, and Erg28p and Erg25p, exactly confirming the spot plate results. Although interactions between Erg28p and Erg1p and between Erg28p and Erg26p appeared a little weaker than the first five interactions, there also appeared to be possible weak interactions between Erg28p and Erg3p and between Erg28p and Erg5p (based on a weak blue color). No other interactions appeared significantly different from the control.
Coimmunoprecipitation analyses confirm Erg11p and Erg1p as interaction partners of Erg28p
We previously demonstrated that Erg28p interacts with Erg25p, Erg26p, Erg27p, and Erg6p by coimmunoprecipitation. To confirm that Erg28p interacts with Erg11p and Erg1p (using a non-two-hybrid system), we coimmunoprecipitated Erg28p (using 500 g of solubilized membrane extract) with various anti-Erg antibodies. Figure 7A demonstrates that anti-Erg1p, anti-Erg3p, anti-Erg6p, anti-Erg7p, anti-Erg11p, and anti-Erg25p all coimmunoprecipitate the Erg28p-Myc protein; the only exception is anti-Erg2p. However, because the signal strengths of the coimmunoprecipitation reactions are significantly different, attributable to the fact that each antibody recognizes different epitopes of the Erg28p partners, we cannot conclude anything regarding the strength of the interactions. As a control, the antibody to Lcb1p, which is a subunit of serine palmitoyltransferase (35) , a ER membrane-associated protein required for sphingolipid synthesis, failed to coimmu- Fig. 6 . ␤-Galactosidase assay using the LacZ reporter to assess interactions between Erg28p-Cub-TF and various ErgXp-HA-Nub preys. Six colony replicates containing bait and prey constructs were spotted onto sterilized nitrocellulose membranes, which were then overlaid onto CSM-Leu-Trp plates and grown for 48 h before assaying for ␤-galactosidase using 5-bromo-4-chloro-3-indolyl-␤-D-galactoside (X-Gal) as substrate. noprecipitate Erg28p (absence of any discernible band). Lcb1p was also used to demonstrate that equivalent amounts of solubilized membrane protein were used for each coimmunoprecipitation reaction. These results suggest that most ergosterol biosynthetic proteins may form a complex involving Erg28p.
DISCUSSION
The split-ubiquitin membrane YTH system is an invaluable tool in assessing membrane protein-protein interactions because it requires a direct interaction between two proteins. We expect that this system will give more definitive results than coimmunoprecipitation and affinity tag protocols, which require that two proteins can be precipitated in the same complex but not necessarily interact directly. In the case of ergosterol biosynthesis, virtually nothing is known regarding the topology of enzymes leading to ergosterol. This is equally true for sterol biosynthetic pathways in animals and plants. The yeast sterol pathway is completely delineated, yet no enzyme known to be a sterol binding protein designed to interact with other biosynthetic enzymes is known to exist, nor is there a known conserved amino acid motif common to sterol biosynthetic enzymes. The closest protein that may play a role in sterol synthesis found in all sterol biosynthetic pathways is Erg28p. Our previous results suggested that Erg28p coimmunoprecipitated with several other enzymes, but now we demonstrate direct protein-protein interactions. Previous reports also indicated that Erg28p is necessary for the proper functioning of the C-4 demethylation complex and that without this protein only one-third the amount of ergosterol is made. Additionally, in an ERG28 null background, intermediates such as carboxylic acid and 3-keto sterols accumulate. Erg6p, which is found in both the ER and lipid droplets, is more widely dispersed into lipid droplets in the absence of Erg28p, further indicating the importance of this protein to the integrity of the sterol biosynthetic pathway. These studies confirm previous protein interactions and yet extend the role of Erg28p such that new interactions are observed, principally interactions with Erg1p and Erg11p, two very early enzymes in the pathway. We also demonstrate that Erg28p interacts with itself, suggesting that this protein may exist in multiple copies in the enzymatic complex to tether all of the enzymes into one or more complexes.
Erg28p is the first protein identified that is associated with the ergosterol biosynthetic pathway that does not appear to have an enzymatic function. The analyses presented here indicate that Erg28p strongly interacts with Erg27p, Erg25p, Erg6p, and Erg11p; less with Erg26p and Erg1p; and perhaps somewhat with Erg3p and Erg5p. Coimmunoprecipitation analyses with six different antibodies involving Erg1p, Erg3p, Erg6p, Erg7p, Erg11p, and Erg25p also indicated an interaction with Erg28p; thus, we suggest that a single complex of diverse enzymes may be held together by Erg28p and perhaps other uncharacterized proteins. These other proteins may have enzymatic as well as structural functions to facilitate the synthesis of sterols. An additional consideration is that at least three enzymes in yeast sterol biosynthesis (Erg1p, Erg6p, and Erg7p; reviewed in 36) and the ortholog of Erg26p in human cholesterol biosynthesis (37) have been demonstrated to also reside in lipid droplets. We have demonstrated previously that the amount of Erg6p in lipid droplets increases when Erg28p is not present, and it is possible that Erg28p with two transmembrane domains is required to tether these other enzymes to the ER. Sterol biosynthetic enzymes that reside in the ER but also may be found in lipid droplets all lack obvious transmembrane domains (36) . A recent microarray study using mouse fibroblasts, in which the orthologous alleles of Erg26p (NSDHL sterol dehydrogenase) were deleted, resulted in a 2-fold increase of Orf11 (the mouse ortholog of Erg28p). Among the 22,000 genes screened, the expression of only 4 genes was significantly higher than that of Orf11 (38) . Because Erg28p is broadly conserved in fungi, plants, and animals, it may be responsible for the integrity of the ergosterol biosynthetic enzyme complex.
